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(54) SYNCHRONOUS MOTOR AND METHOD OF 
CONTROLLING THE SAME 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a small size and 
low price motor system which assures stable low speed 
rotation of 1000rpm or lower without using a reduction 
mechanism which wfll become a noise source. 

SOLUTION: This motor comprises a stator 1 1 provided, at 
the internal circumference thereof, with M teeth 12 and 
a rotor 15 provided, at the external circumference 
thereof, with N salient poles 16. Here, total of M slots 
13 are divided into slot groups 131 to 136 in maximum of 
2m slots. Each phase from first phase to m-phase is 
assigned phase by phase in the constant sequence along 
the circumference direction and the coils 14U, V, W in 
total of m coils are provided one by one to each phase. 
Each coil is wound in such a manner that it is passing 
each slot 13 belonging to a couple of slot groups 131 to 
136 to which only one phase is assigned and the passing 
direction of each slot 13 is equal respectively in the 
two slot groups 131 to 136 and such passing direction is 
inverted between the two relevant slot groups 131 to 
136, and total of m coils are connected by the start 



type wiring system. 
COPYRIGHT: (C)1997,JPO 




-1- 



mnfrmmtt up) 



a® & BB » * 5t « ( A ) 



#^9-168271 

(43)&RB ¥fi£ 9 ^(1997)6^248 



(51) IntCl. 6 IffiSfJfB^ ff^SS*^ fi ms&iftffi 

H0 2K 37/04 H0 2K 37/04 F 

3/28 3/28 S 



»*«OS5 OL (± 7 K) 



(21)fflB#^ 


!ftB¥7-326670 


(71)tHSA 


593217742 










(22)£H8iB 


¥^7^(1995)12^150 




*Rj&*Rm*ffi)llKffig&&4TB25#4 
























*R^RtMU£JIIKB#EI&4TI25#4 














(72) m% 


mm sn 








A«iKnFJiiK)»ia7-6-i7 *m£tt 
























»PWMBifc*»lTB19-5 






mm a 





(54) nmo«»] nn^-fKcptommm 



(57) \ W&\ 

mm\ mmtz&wsmzm^-rfc 1 o o o r P m 

c7)^n«y h»i 3 1-1 3 6fcK#$*i. #xn 7 bff 

-jewrc i ffl-roso o s-c lt i ffl-r 

->smmw&m 1 4 u , v , wimt £»*u mm 
*\ i ^<mm\ *) hiitz 2f^n 7 hstat- 

-y hf^iaraacfiritiJWBt** £ o izm>tix 




14U 



14V 



(8) 




(2) 



682 7 1 



(N*M) ffl^ttA^tt^iuto-^kSWL, 
WIB*<o|Sk^-Mffl<o^n v htf. mBrtlWBWM 
M^o-y h2r-S¥k-r^H-2mffl£7)XP7 hS¥fc:E# 

ffl^m^t^-^ x-&m x- 1 ffl-foiq o %x *>ti. 
i»iE«s»ti . i oofflisffl^sij o at <?><ifc 2 mm\ 

#7)iiufB*n >y bft<QZh?tit,zi5\,rZffi£&zn v b 
[ff*3S2 ] b5!B&*o >y hWdWiiaaixa y b<7) 

N = M±2 
N=2M±2 

WIEiff8aKB^iE»l!at^m«l^)l&E#^'f y^->^ 
T. ffiiEo-:?£|llte$-lJ\ 

[0001] 

00 0-3000 rpmT*l. ZCVtztb. &t<Z>ffl& 
[0002] 



imkn&m^JJtfyzM*:-? (UTF r VR 

J^-:y*j fcv*5) ji. /hh^^i^i^-rSflffli 
^|g=5r^T>yfy^-^w-at LTft^ftTiJ 

o . tti±t Lxximm t'coim^mx^ & h 

[0003] 05ttft*<OVR^-?8O<?)®Bfc^ 
JS**t@T*S. H5^-rVR^-^8 0{4, 6 
ffl^8 2Sr3rUfc«c'& (3-?£*tf3T) K3fflO 
g£S8 4 j&Jffttt t>iltZ*T-9 8 1 i: . 1 4 fflO^® 8 

n-*8 6fc£WLT^S."#*8 2<95fcSa5fcti, 5§ 
S 8 7 h #f ft-f S'hft 8 3 # 2 flfrfoRW £*lT . 
[00 04] VR^-^8QT1±. ##8 2fc**L 
"C, -etOMffll^n-y h8 5£?iJfflLT##8 2£Jflfl] 
■t4J:3fc, *4>^^T'U. V. WO#tfl<0*»84 
>W&WvO>S. n-?8 6£8A/C'fi*Hv£ 

^#8 2 ^jug-ti 2o«3>f;^ awifc««3*vc 

1 o*tfB<0*R8 4 1 SfrO** . 

[0005] itfDJSfcVRJBt-^SOfcDDt-* 

# : J>- 3 y-tyyzxr—f 8 1 »tt o-^ 8 6 

[0006] 

Ot'fi. #^.o y h 8 5 S:M^@ft8 2 IcffJSLfc 2 
o<?MStt8 4*^iJ*t*;i:3&»4>. ^n«yh8 5cDBfffi 

StJt^LTffiJ6t^fl^# lUf-^ 8 1 sWsBBi: 
* "9 , V RB*-? 8 0 cO/J«Sr@?. Z t WX'Z 

[0 00 7] 4^. fie*fc*jv^rtt. 

^rfflv^x m&mtmhtix \ vzcox-. %m%ti*&wz 
mzm^-f i/z iooo r pmjaT<^£Lfcffianai«$' 

[0008] 

Mffloxo -y h*>\ »S?tS1«k«)aK^n -y hSr-H 
i:-r4'&tf2mfli<0^avhfftK*S*i. IWB#^o 

•y bMizitfLx . mim*t>mmmx'<7)&tttfmi3ft 
iz&~> x-mmx- 1 mr^m o ^>n. fnexx- 

BtflB=g-^*\ 1 o^mflBffl^J 0 ST 4>*ifc 2ffl 



WmW-9-1 682 7 1 



v hflilii#ffl* t *L<ao3K2ffitf)*n.y h»*>H 
ft. 

[0009] IB*JS2 *)3MHtf>*-*fc:iHvCH;, MB 

[0010]N=M±2 -(l) 
[0011]N=2M±2 -(2) 

msflfcmse*-^ 7f-y/*^^>-3j-7^5:-^ 

fti<7>T*&ft. 

[0012] #fi<0Mll ^f-^tMtiST'# 
*>*U *f— ^fcfcffllllLSrV*. lOW^Q-jphfctt 

£ft&e>$«^t1IMK^*%tft i 3(ct:ft* { t*& 

s*ift. a-?nm&im^®imizimt&. t 

[00 13] 

immmnmm] m 1 a*^*)*-* 1 mmm 
a^ta. 02tt*-^ifcfettsuffio««i4u 

WgHHT'&ft,, 

[00 14] U, V, W<^3ffi«l 4 

U, 14 V, 1 4Wa^«»J^tCftWlfc^T-^ 1 

St-yf-p lT'4 8fic7)ftl 2#ft*tMvCHft. n- 
* 1 5 fc*m»fc:«. -S^ftSt *f-p2?50fl*> 
$mi 6iffiVt,tLX^&. 6(4o-? 1 5tf> 

EBB*fc*»l 2fcJ«C«|*l"f-6. ja*|*Ifc*J^Ts It 

1 2 Oft«<9lSl42!lS 1 6 cDftSg^tlk H-Tft ft . 

[00 1 5] Xr-^1 1(4. BWEf ft#l 2T«4*i 
fc^48*)XD7H3fctL'CV»4. Hi (A) 

U**fr*l/0>ft. K^K'fi. #xn»H3 



LT«ttH 9 te 1 #*>£> 4 8#4"CW#*W$ii 
TUft. ^n 7 M 3»48flWo£#6 ( = 2X3) 
mnzw Mn31~13 6fc:E#£*VCfc9. Zti 
^XD7 hill 3 1-1 3 6fc**LT. U, V, WW 

^mtfltjBoT-jaiiifT' i ffi-fow 9 it *>ii 

93T4>frO*ft. . l~8#WXQ7hl3 

^inxo7Ml3 1fc. 2 5~3 2#c7)^0 7h 
1 3#JS-f ft*D7 hPl 34 ktfUfflfcttffiU 9~ 
16#mo7M3)^ItW07h8l 3 2k. 3 
3M0Smn7M 3* { Jgt~ft*a'y hSl 3 5k 
#WffitC*tJ6 L . 17-24 #<7>*o 7 h 1 3 * 5 S-T ft 
XOyhpl33k. 41-48#<0XO7M3* } l 
■fft*0 7 hPl 3 6k* J VfflK»|5'tft. 
[00 1 6] 3-giHl 4U, 14V, 14W{4, W£-f 
SffiSrfflO STfc 2fflW^o 7 MSCItS^t 1 6 {I 
WXO7 b 1 3Sriijflb. iM2ilmn7 hSfW^ft 
-fiitfcV^T#^0 7 h 1 3(7)jiii^^t<a.oi 

3 2 iox n 7 h m>ffix'mmftimiz% & x o \zm 

irtlX^i. mitf. UffiO««14U'C14, A0 7h 
©13 I^DtM 3WjffiS*|Bl{401 (A) <7)&£ 
BW*tt»fc*N*l:fr 3 9 . i£fc*n 7 M¥ 1 3 

4ffl#Xn 7 h 1 303ffii^(4i6ffic7)^^S^|6l^ 

[0017] «»14U. 14V, 14W*>gS3rfcL, 
TJ4. IfcRSSkStRSSkA***. *T-?1 lfiOS 

tmxfiwm k we tt , mftz x rrfmizmmxz 

ft. SBKfcJi, 3i»+3WJLh^3l 
** { ii3i-rft« 

[00181H1 (BXOidfc:. **»14U, 14 
V, 14WJ4, ^tg*[fiIW±T'5VH;[5)^«^;J)ft 

U, V, Wfcfflg5£8«3;fva*ft. o4 9. ^tSl4 
U, 14 V, 14W{4l3KB»JgS'CtS»S<l-CV^. 
i ^ T\ caj £ (f#iH 1 4 U £H 1 ( B ) fc^EpTSitt* 
|6jomgiE I u SrgTi-fk . 7 h» 1 3 1 XIM 1 
(A) fcfettfttttffi^KWj^^RllKmSWaSifi, ifc 

X07M134 xiimMfrbmm^mtfffih.h . 

[0019] JJLhW^cot-^ 1 tetsvvni, =&^n 
»M3tl ocofflO^ 1 4 U~W^*«iijSUTti 
0. flESw«fe+S§^«^klfclW ft k $«*>*** 2# 
Wltc^LTV^ft*^. xo y b l 3<7)BrfflW*vjN§ 
< T i^*aHftO*» 1 4 U~W£jffi&2 -frs d 
X'% . ZWzfrAu-y V 1 3#/h§ <T fca#fcjBHL*J 
Sr^ft^k*^, Xf-? 1 lO/hSHL o^H- 
^ 1 W/iNS-fbSrH ft Z k * J T# ft . itz . *ft<0ffl<0« 
«fc:Hi*fc:«a[S:a"r i k K4 o TB&Ob^fr ^ixftw 
T\ im 1 4 U-W<^) Wffl**<iS <^9. ±%tcY)V9 
ift^S-frftikJ&^^ft. ftl 2k»ifli-tft5lffil 6 



68271 



[0 0 2 0] 0314*-? lOWmi'-'lryZZTjktm 

4. 03 (A) ~ (F) te*JVVCn-*l SrtOfcffltf 

2 1 tfm 0 . #* 1 2 1 4£S 1 6 LTo-TtL 
XviZkfrL Wft<r>®&tmMlX . n-?i 5i 
Zr-f 1 1 £<7)fSOi8§y£iji CJ7^m) 

trftOfioflio^v^fflitfcD-^ 1 5#0<g#ii 

£-f4. aW^lllB&fiftfco-^ 1 5(43!Sil 6<7) 
2fflfth 1"**)^ 14. 4 (2X360/50)" 0t 
EM&t* . 1 TliSMi 1 6 #S 1 2 J: 0 f-VVO 
T\ n-* 1 5<7)lsII&*f6](i!K-^)[aHg^|S]fc|SI-t'^ 
*. £ttl 63&s* 1 2 'i D^i^CIl n-* 1 5 

[002 1 ] 1 5*)Btea«rV{i, ( 3 ) 

$*14. 

V=120f/P -"(3) 
V : miE>$Jg [rpm] 
f :M[Hz] 

p : u~?<nm. (2m<mm 
saw*. 

[ o o 2 2 ] wt. i nmsffimiz-ouxmmt 
s. ^-^m. §^mn±xwim<7)XTvt°>7 
Tt-ftmuL. mmmntx'ismt-fizmMi 

TH4. Ztit>cr>Zkfrt>. ^-fKD&mmnt LX 

vvf^ >rt-9ximmsM(r>&ix'&p&£ < m 
mt&zttfX't-f. mnzmmx'^K 
ZjEmzmrt&iz^ Acy—#ffl®z?TofrXim 

m<vx : Ji/ 3 y-t ymrts#t&>* yy-&&&b 1~ 

4. Uztf^X. -%mg&$te?&4 
WMtf&MX'foh. 

[0 0 2 3] 04(4*-? 1 Offlflffil 0 0<7) fu >y? 

mx-hz. mmmooii, uzsmnrnnz®; 

1kth4vrt-9 not. A 1 1 OCDXJ -y 

i-y7MW*m3yhv-7i20kfrt>ffitfLZtix 
^4. 

[ 0 0 2 4 ] A 1 1 0(4. 3fflffiffl3cffi$:A* 

btzmwDBRvymmzyTyvc i 

fcit««SV E . 3 ffiggi)ffl<7M yyWBBlNV. 
Xl^«SE«iaiIlI»CS3&»i?,fl|jft$*i-CV^. 

Q1~6£WLT^4. #h5y^X^Ql-6^ 



(47 u -*4-}vm<vy4 *- Y&mmgfetox\^ 
4. 

[0025] *-?10UfflO&tll4U(4. hyyiS 
XfQltftLXUftnMVEVlEmzmWiZti. hy 

y } jz?Q4Zft lxw^mmv Ennmfcmmztix 
^4. mrnaz. vffl^jii 4 vt4. vyyy^Q, 
2, Q5^urea««vEfc:«giiis<t, wh^smi 

14W(4. h?y>U*Q3, Q6^U"ClHa««V 

[ 0 0 2 6 ] 0|;t(£. h7yv'X^Q3, Q4, Q5# 
:ty?l>9. flfc&M-7"Ca>S*£fctt, H2 (A) <7)X 
3fcSHPWj&»4>flHF-U, Vfc|6]A»3«»Iw ( = -I u 
- I v ) #gSii!> . 

[0027] 3yhn-7l20(l ?-f;o7n*7 
Ih^fcfcK^jLSIJrm 2 1 £3fU l«a 
OSatf-SEfcSr* J: o £>f ys<-?m I nvksl 

[0028] €sS^ai0S§cs^ajfii a (4. -tyr 

;w*-;H<0»l 2 3fc«fcoT» pwmo^-v 'J Tff-sf- 
izmmixvyrvymtiz. yyr 
u y?<r>?4 $.y?z** vrm^-evtuxmzt 

iltf, ^fh^VyX^Ql-SW^Wth?^' 
^^Q4~6^V^-fil* i i:* { ^>-C'fcl.c7)'C\ ^JtJffii 
a 4 £ 4 i 7>'T'# 4 . 

[0029] y^Sflfc&fiiffi i alWV 

ri 2 4(cA^)$n4. «sSryri 2 4(4. ®mVH± 

ffiMMl 2 lfrt>m^i bfc^Jliffli a^JPi.T«S 
L. ^ffie 0^tK?J^4„ ^mtsl 2 5(4. «SS^S 
0»12 6*»64i6n««fflW*|jE«aa, b, cS- 

-etim^Me otma^hM. mviFmm^e 

l~3*4jfrT4. ^ix^<7)iE3i^fi-f-e 1-3(4. P 
WME&i 2 7(;t>uT^ j pUrff-^fcJt®$ix. -eix 

c ioTffltefc^>f -v^ymmwvxm&sixh . 
■ett. xa •y^yymm^jixizm^x . imtzwt 

q i^6co* y*yumwfibti&. 

[0030] m^ttJEIS&C S(4. JlflsWfcttO. 1Q 
X(47* h^7°7^i:*<7)ffi^c7)igffi^^(t4^{4^ 

< . ^Be»"c>"fr yhmvmigmEtvyrv y? 

[0031 ] *3BBW10> J E-* 1 (4. Xf -y t^/t 
2:*>(t4 fc K»t 4 It^f'v t^t- 

ftmx'hz. wz#>. mmm&mm 1 2 i«qn 

(t^^T^4. «^HiigS5CS(4. 33EfEa[<0fWHfi 

4. i<7)ii:(4ag£«E(4-^-C^4*^^A^m^ 
W^aj^tgT'^ 4 ^ ^ *mfct 4 . 



(5) ^¥9-1 682 7 1 



n^m-yrv y?m 1 2 2 atLxmm±9m. 
«i 2 lizxiiztiz. ek^v(±a^^ 

[0032] Wi =VdcX I dc 
T=60XWi/ (2?r • V) 
V=l 20Xf/P 
Wi :JJjW} [W] 
Vdc :m.m& [V] 

I dc :«^%«SS[A] 
T : ^—9V)V9 [N • M] 

f -.mm. [Hz] 

V : BIdDS [rpm] 

±^^Hte^ffiiC Jfltf, SIR 1 4 U , 14V, 1 4 W 
4U, 14 V, 14W#J^fclSil$fi-0>S£i:a» 

iBiam^fls^^ ml£0& i fc *>"r-# & . 

[0033] J^HSfcJtmfcfcVVCte, VR£*>*- 

*£(cli, ftl 2<OfflHHWfS8Sl 6?«£±j$0 
( 2 ) sSfcJPIrtrtJ: sfcaBTWUfJu. *r-* l l 



*>»12tf>fflR, **14U, 14V, l4W<m^ 
Xltxn-y MBIOftttOJSKOtt*, n-* 1 5co^ffi 

I 6<9fflR. fflOiL -toffi. *-?l<Dffim. 
*rtt. W»*l 0 0«ofltofcSriftt» #3MH*>±Bfci&o 

[0034] 

[$HHtf)»3U ft^lJb£§ll#84^HfcJ:*Uf, 
Wk? Loon-^«0/J»Sr US £ # 

•ess. 

[0035] IU*Ja5<7)f6i!Hfe:J:*Ur. R#j8fc$:S« 
S.^n-^c7)[alfe^JKfiS^tii-ri>-fe>'- , f ^ffl 
fc, 1 0 0 0 r p mJaT^56Lfcffia®«*SS8! 

[ia®ofs^iSBj] 

[01 ] *IWBO ; E-^<0«IH(fit**tHT*4. 
[H2] *-*fcfcft4Uffitf>*iSW>HilJ0'C*>4. 
[03] *-9<?>ffl&zs-'!ryz£7fitW?i>&. 
[H4] t-^«Hfl(^n7?Erc*8. 
[05] t£*^VRjrE-?^8f^f§ii£^0r& 
£. 

i (rajffl*-^) 

I I XT-? 

12 * 

13 XU -y h 

14U, 14V, 14W &R 
1 5 o-? 
16 ^® 

13 1-13 6 Xn 7 M 

pi nrnvvT (mi^«tr«y^-) 

P2 ftJKt-yf- (^2cOA«e«yf-) 
Ql~6 h^yyX^t^vfy/ff) 
VE 



[02] 



[05] 




1234567 89 10- 25 26 27 28 



84 



82 



(7) 



«m9-l 68271 



[04] 



1 0 0 




